Predicting FIFA World Cup 2018 key role and playing style features by Duncan, Andrew et al.
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Predicting FIFA World Cup 2018 key role and playing style
features
Citation for published version:
Duncan, A, Diquigiovanni, J, Papastathopoulos, I, Zygalakis, K & Campagnolo, G 2018, 'Predicting FIFA
World Cup 2018 key role and playing style features'.
Link:
Link to publication record in Edinburgh Research Explorer
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 05. Jun. 2018
B?POTNATXR8;83HY?9O5BZ(&
.UPc?Y9PLXO
Z9LcTXR@Ac9PQPLAB?P@

3BASY?@06BXNLX3%
6T>BTRTYCLXXT%(BLZL@ALASYZYB9Y@;%)
KcRL9LUT@ %5LWZLRXY9Y9%"%

4L@POYXASPLXL9c@T@YQASPQB99Q(9PCP9AZALOLALYQQTCPSBXO?PO
LXOAST?AcPTRSA>BL9TQTP?RLWP@aPOPCP9YZPOZ?POTNATYX@?PRL?OTXRASP
OT@ATXNATCPZ9LcTXR@Ac9P@YQASPQTXL9ZSL@PYQASP8;83HY?9O5BZ
(&
.%8TXOTXR@L?PZ?P@PXAPOAY@BZZY?AXLATYXL9APLW@WLXLRP?@i
OPNT@TYXWLUTXRQY?Z9LcP?NL99BZ%

DP@PL?NS"YATCLATYX0ASPPCY9BATYXYQZ9LcTXR@Ac9P@
"YATCLAPOMcL@ABOcOPWYX@A?LATXRASLAASPSTRS9cTXAP?LNATCP@Ac9PYQ
Z9LcSP9ZPOEZLTX@BNNPPOTXHY?9O5BZ(&
&,TXASPQT?@AZSL@PYQYB?
@ABOcaPaLXAPOAYUXYaSYaASPZ9LcTXR@Ac9PNSLXRPOTXHY?9O5BZ
(&
-%BY@TATYXL9QPLAB?P@LXOZ9LcP?9PCP9QPLAB?P@aP?PNYWMTXPOaTAS
XPAaY?U@NTPXNPLXOWLNSTXP9PL?XTXRL9RY?TASW@AYN?PLAPL@ZLATL9
																																																								

!PNAB?P?TXEALAT@ATN@LXOB?YMLMT9TAcGXTCP?@TAcYQEB@@Pb
(GXTCP?@TAcYQBLOBL6PZL?AWPXAYQEALAT@ATNL9ENTPXNP@%
)5SLXNP99Y?8P99YaENSYY9YQ"LASPWLATN@GXTCP?@TAcYQ7OTXMB?RS
!PNAB?P?ENSYY9YQ"LASPWLATN@GXTCP?@TAcYQ7OTXMB?RS
!PNAB?P?TXENTPXNPFPNSXY9YRc	;XXYCLATYXEABOTP@GXTCP?@TAcYQ7OTXMB?RSNY??P@ZYXOTXR
3BASY?0WLT9AY0R%NLWZLRXY9Y2PO%LN%BU
,!fZPdBPeL%FYBNSPAAP:%(&
(3XPAaY?UASPY?cLXL9c@T@YQQYYAML99@A?LAPRTP@;X5%
59LXPAPO%EZY?A@BSc@TN@0B?YN%(&
(7B?YWPNSBSc@TN@YQEZY?A@5YXQP?PXNPZ%
-(.
-FSPQT?@AZSL@PYQASP@ABOcSL@MPPXOPCP9YZPOOB?TXRASP
@A8YYAML996LAL:LNULASYX
Y?RLXTdPOMcASP;AL9TLX8YYAML993@@YNTLATYXANAYMP?(&
-%
	 (
WYOP9AYTXCP@ATRLAPSYaZL@@TXRXPAaY?UQPLAB?P@@BNSL@	

	
LXOYXML99PCPXA@ZY@TATYX@
OPAP?WTXPOZ9LcTXR@Ac9P@%

 PcDY9P@YQHY?9O5BZ(&

FSPZL@@TXRLXOZY@TATYXL9MPSLCTYB?QY?PLNS?Y9PaL@LCP?LRPOYCP?L99
HY?9O5BZ(&
RLWP@%FS?YBRSQPLAB?P@P9PNATYXaPQYBXOASLAASPWY@A
OPAP?WTXTXRQPLAB?P@aP?PASPZY@TATYXL9QPLAB?P@YQASP9PQAQB99MLNU
LXOYQASP?TRSAaTXRP?%FSPT?ML99AYBNSP@aP?PWY?P?P9PCLXAaSPX
@Z?PLOLN?Y@@ASPSY?TdYXAL9LbT@%59Y@PXP@@T%P%WPL@B?TXR343AcZP
YQZL@@P@@SYaPOASPSTRSP@ATWZY?ALXNPaSPXTAYNNB??POLA9PQAQB99
MLNUNPXA?PMLNULXO@A?TUP?9PCP9%4PAaPPXP@@YQASP9TXUBZ@A?TUP?
ASLAT@STRSXBWMP?YQ345AcZPYQZL@@P@aL@L9@YLNSL?LNAP?T@ATN%
5YXA?L?cAYPbZPNALATYX@9TXUPOAYQTXOTXR@Q?YWASPLXL9c@T@YQHY?9O
5BZ(&
&XYXPYQASPNPXA?L9WTOQTP9OP?@aP?PTXASPQYB?WY@A
@ALAT@ATNL99c?P9PCLXA?Y9P@%FSP@P?P@B9A@TXOTNLAPOASLAaST9P
YBAXBWMP?TXRASPYZZY@TATYXTXASPWTOO9PAST?OaL@@AT99UPcTXHY?9O
5BZ(&
OYWTXLXNPaL@LNSTPCPOAS?YBRS?YALATXR?Y9P@P%R%TB@TXR
NPXA?PMLNU@TXASPMBT9OBZ1TTSLCTXRLXBZQ?YXA9TXUBZZ9LcP?
NYWTXR@SY?ALXOTTTAS?YBRSaTOPZ9LcP?@NBAATXRTX@TOPCP?cWBNS
aSLA!LSLWOTOaTASHY?9O5BZ(&
aTXXP?9P?WLXc%




	 )
3XL9c@T@YQHY?9O5BZ(&
.CBL9TQTP?@
4cLZZ9cTXRASPLMYCP@ZLATL9WYOP9YXOLALQ?YWHY?9O5BZ(&
.
CBL9TQTP?@.aPXYaaLXAAYZ?POTNAASPZ9LcTXR@Ac9PYQHY?9O5BZ(&
.
LXO@SYaSYaALNATNL9A?PXO@PCY9CPOQ?YWHY?9O5BZ(&
%4cL9@Y
TOPXATQcTXRaSLAASPWY@A?P9PCLXA?Y9P9PCP9QPLAB?P@L?PaPLTWLA
Z?YOBNTXR?PNYWWPXOLATYX@AYSP9ZXLATYXL9APLWNYLNSP@aSPXTX"Lc(&
.
ASPcaT99SLCPAYNL99BZLQT?@AZ?YCT@TYXL99T@AYQZ9LcP?@QY?HY?9O
5BZ(&
.%

8TR%
gHPNLX@PPQ?YWASPZ9YAASLAASPAPLW@aTASASPSTRSP@A9PCP9YQN9Y@PXP@@
TX>BL9TQTP?@aTASASPPbNPZATYXYQ@PASP?9LXO@ASLAAYYUMc@B?Z?T@PMcNSLXRTXR
ASPT?@Ac9P?PWLTXLAASPAYZL9ASYBRSASPCL?TLMT9TAcCL?TP@OBPAYASPOTQQP?PXA
XBWMP?YQRLWPZ9LcPO%																																																								
.9LWP@NYX@TOP?POL?P0ASPAST?O?YBXOYQASP385NLWZLTRX
(APLW@
&RLWP@ZP?APLWASP
AST?O?YBXOYQASP538NLWZLTRX(&APLW@,RLWP@ZP?APLWASPQTQAS?YBXOYQASP5A@538
NLWZLTRX,APLW@
&RLWP@ZP?APLWASP5A@"74A!NLWZLTRX
&APLW@
.RLWP@ZP?APLWL@
aP99L@ASPG783NLWZLTRX
.APLW@
&RLWP@ZP?APLW%HPL9@YNYX@TOP?POOLALQ?YWASP
TXAP?NYXQPOP?LATYXZ9LcYQQ@(RLWP@LXOASPG783Z9LcYQQ@RLWP@%HPOTOXYANYX@TOP?
OLALQ?YWASPA85NLWZLTRXL@XYXPYQASPW>BL9TQTPO%
2.5
5.0
7.5
10.0
BelgiumBosnia and HerzegovinaCroatia England France Germany Greece Italy Netherlands Portugal Russia Spain Switzerland
factor(team)
va
lue
.m
ea
n class
Qualifier
World Cup
	 


8TR%(gFST@R?LZS?PZ?P@PXA@ASPQY?AcQYB?OTWPX@TYX@aPLOYZAPOAYNLZAB?PZ9LcTXR
@Ac9P@aSP?P4@ALXO@QY?4PAaPPXXP@@5QY?59Y@PXP@@ILXOJQY?ZY@TATYX@YQML99
PCPXA@%FSPSTRSP?ASPML?ASPMPAAP?ASLACL?TLM9PTOPXATQTP@YXP@Ac9P%FST@R?LZS
?PZ?P@PXA@ASPWY@ATWZY?ALXA?Y9P9PCP9QPLAB?P@AY?P@B9ATX>BL9TQTP?@%59Y@PXP@@
LXO@Z?PLOYQZL@@P@YQXBWMP?)L@aP99L@N9Y@PXP@@YQXY

ASLAaP?PASPWY@A
TWZY?ALXATXHY?9O5BZL?PNYXQT?WPOLWYXRASPSTRSP@ATXYB?LXL9c@T@YQ>BL9TQTP?@%

FYOY@YaPQT?@AMLNUAP@APOYB?L@@BWZATYXASLAZ9LcTXR@Ac9P@SY9O
Q?YW>BL9TQTP?@AYAYB?XLWPXA%5YWZL?TXRZP?QY?WLXNPMPAaPPXH5

CBL9TQTP?@LXOFYB?XLWPXAaPQYBXOASLAASPAPLW@@SYaTXRASPSTRSP@A
N9Y@PXP@@TXCBL9TQTP?@L9@Y@SYaPOASPSTRSP@ACL9BP@TXAYB?XLWPXA@
@PP8TRB?P
%HPL9@YQYBXOASLAASPTWZY?ALXNPYQASPAYZ?Y9P9PCP9
QPLAB?P@N9Y@PXP@@YQaTXRP?LXOQB99MLNUNL??cYCP?Q?YWCBL9TQTP?
AYFYB?XLWPXA8TRB?P(%

0
25
50
75
B1 B10 B11 B2 B3 B4 B5 B6 B7 B8 B9 C1 C10 C11 C2 C3 C4 C5 C6 C7 C8 C9 HorA
feature
im
po
rta
nc
e
	 

8TR%)gFST@Z9YANLZAB?P@ASP@TbN9B@AP?@OP?TCTXRQ?YWASPLXL9c@T@YQPLNSYQASP
QTCPSBXO?POLXOAaPXAc>BL9TQTP?@RLWP@%AXPASYB@LXOLXOQY?AcTX@ALXNP@AaY
TX@ALXNP@ZP?RLWPL?P?PZ?P@PXAPO%FPLWZP?QY?WLXNPT@NL9NB9LAPOML@POYXASP
QY?AcQYB?CL?TLM9P@TXA?YOBNPOTX8TRB?P(MPQY?P%
G@TXRL9LB@@TLXWTbAB?PWYOP9YB?N9B@AP?TXRXLAB?L99cZL?ATATYX@ASP
YCP?YXPASYB@LXOAPLWZP?QY?WLXNP@LAH5(&
.>BL9TQTP?@TX@TbOT@ATXNA
N9B@AP?@%7LNSN9B@AP??PZ?P@PXA@LOT@ATXNATCPZ9LcTXR@Ac9P%AX9c
AS?PPYQASPTXTATL9@TbN9B@AP?@@B?CTCPOAYASPQTXL9ZSL@P%9P?WLXc
LXOEZLTXPZTAYWTdPASPN9B@AP?YQASPQ?YXA?BXXP?@APLW@TXN9BOTXR
LWYXRYASP?@7XR9LXO%EP?MTL4P9RTBWLXO5Y@AL?TNLQY?WLN9B@AP?YX
ASPT?YaXLXOPWP?RPL@ASPWY@A9TUP9cNYXAPXOP?@%FSPQTXL9N9B@AP?

APLW@TXN9BOP@ASP?PWLTXTXRAPLW@%HPXYATNPSP?PASLAASPWY@A
BXZ?POTNALM9PAPLW@T%P%ASPAPLWASLAZ9LcRLWP@ASLAL?PNLZAB?POMc
OTQQP?PXAN9B@AP?@L?P3B@A?L9TL@Z?PLOTXRASPT?RLWPTXQTCP
OTQQP?PXAN9B@AP?@QY99YaPOMc6PXWL?U%

DEN
KAZ
SMR
SVK
LTUMLT
CZE
NOR
ROU
GEO
ESP
ALB
ISR
CRO
UKRWAL
SRB
BUL
SWE
BLR
SUI
FRO
AND
CYP AUT
MDA
ITA
MKD
LIE
ISL
TUR
NEDFRA
LUX
POR
HUNLVA
BEL
GRE
MNE
ARM
AZE
ENG
SCO
SVN
GER
NIR
POL
WAL
ISR
FIN
MKD
ISL
SRB
MDA
ALB
NED
SWE BLR
FRO
LVA
EST
KAZ
GER CZE
NOR
SVK
SVN
LTU
DEN
POL
ARM
CZE
NIR
ENG
SVK
MLT
ROU
DEN
AUT
GEO
CRO
UKR
WAL
ESP
ALB
LIE
BULLUX
HUN
BEL
GRE
FRA
POR
SUI
GEO
ESP
ITA
LIE
CRO
TUR
AUT
SWE
SUI
AND
CYP
BEL
BUL
LUX
POR
ARM
AZE
ENG
SCO
MLT
NIR
ROU
MNE
NED
SWE
BLR
FRO
LVA
EST KAZ
AZE
SCO
SVN
LTU
GER
NOR
POL
MNE
MDA
FIN
SRB
ITA ISR
MKD
ISL
FRA
BUL
LUX
POR
SUI
HUN
GRE
CYP
KAZ
CZE
NOR
SVK
LTUMLT
U
DEN
SRB GEOALB
FIN
WAL
ISR ESP
UKR
NED
BLR
FROEST
LVA
GRE
HUN
FRA
ARM
AZE
E G
SCO
SVN
GER
NIRPOL
AUT
MDA
ITA
MK
LIE
ISL
TURARM
AZE
SMR
ENG
SCOMLT
NIR
ROU
MNE
GEO
ESP
ITA
LIE
CRO
TUR
AUT
SWE
FRO
CYP
AND
BUL
BLR
SUI
DEN
POL
KAZ
SVK
SVN
LTU
GER
CZE
N R
WALSRB
MDA
ALB
IS
MKD
UKR
FIN
NED
FRA
LUX POR
HUNLVABEL
EST
GIB
EST
GIB
CYP
GIB
BEL
GIB
GIB
GRE
FIN
UKR
TUR
C O
ISL
NIR
CRO
DEN
SWESUI
GRE
ITA
CAN
CAN
BLZ
MEX
CAN
CRC
JAM
HON
SLVPAN
TRI
CAN
JAM
GUA
MEX
CRC
PAN
SLV
HON
MEX
CAN
TRI
HONCRC
H N
PAN
TRI
MEX
PAN
TRI
H N
MEXCRC
MEX
PAN
CRC
MEXTRI
HON
CRC
PAN
CRC
MEX
TRI
HON
PAN
MAR
EGY
RSA
TUN
GUI
SEN
GH
NGA
GAB
UGA
MAR
ZAM
BFA
ALG
GY
CIV
COD
MLI
LBY
CMR
CGO
RSA
GUI
MLI
EGY
MAR
RSA
NGA
UGA
CMR
LBY
CGO
GHA
CIVZAM
GAB
ALG
SE
BFA
COD
TUN
KGZ
ARU
TJK
JOR
ARU
BAN
ARU
A U
IRN
UZB
JPN
ARU
KSA
TH
UAE
IRQ
SYR
QAT
ZB
UAE
KSA
JPN
IRQ
A U
KSA
QAT
UZB
IRN
THA
UAE J N
THA
IRQ
UAE
QAT
SYR
UZ
IRNJPN
ARU
KSA
ARU
TH
IRQ
IRNSYR
QAT SYR
UAE
JPN
THA
IRQ
ARU
KSA
IRN QAT
UZB
SYR
ARU
COL
CHI A G
VEN
BOL
P R
BRA
ECU
PER
URU
CHI
A GECU
BOL
PER
COL
PAR
BRA
VE
URU
CHI
BRAECU
BOLPER
COL
PAR
ARG
VEN
URU
C L
PAR
ARG
ECU
BOL
HI
BRA
VEN
PER
U U
PAR
BRA
ECU
PER
URU
COL
I
ARG
VEN BOL
COL
PAR
BRA
VEN
URU
CHI
A G
CUBOL
PER
COL
PAR A G
VEN
URU
CHI
BRA
ECU
BOLPER
CHI
BRA
VEN
PE
URU
COL
PAR
ARG
ECU
BOL
CO
CHI
ARG
VEN
BOL
PAR
BRA
EC
PER
URU
ARU
HONARM
POL
AZE
ENG
SVN
SCO
NIR
GER
MNE
AUT
LIE
MKD
ITA
TUR
ISL
MDA LUX
NEDFRA
POR
HUN
LV
EST
BEL
WAL
GE
SRB ESP
ISR
ALB
FIN
UKR
BLR
BUL
WE
SUI
FRO
YP
KAZ
ROU
NOR
MLT
LTU
SVK
CZE
SMR
DEN
GEO
LIE
CR
ITA
TUR
AUT
ESP
FRA
B L
LUX
POR
HUN SUI
CYP
GRE
ROU
NIR
AZE
SMR
SCO
ENG
MLT MNE
ARM
MNE NOR
AZE
GER
SCO
LTU
SVN
P L
KAZ
MD
ISL
FIN
SRB
KD
ISR
ITA
BLR
ED
AND
EST
SWE
LVA
FRO
SRB
ISR
ALB
MKD
UKR
FIN
MDA
WAL
BLR
LVA
FRO
EST GRE
NED
FRA
H N
KAZ
GER CZE
LTU
SVN
SVK
OR
DEN
POL
LUX
FRA
BUL
SUI
POR
HUN
GRE
BEL
DEN
NIR ENG
MLT
SVK
CZE
ROU ARM
UT
GEO
K
WAL
LIE
AL
ESPC O
NEDSWE
BLR
FRO
LVA
EST
MN
GER
AZENIR
SVN
SCO
ENGARM OL
MD
LIE
ISL
AUT
MKD
ITA
TUR
BUL
SWE
AND
CY
SUI
BEL
POR
LUX
DEN
SMR
SVK
MLT
LTU
NOR
CZE
KAZ
ROU
GEO
SRB
WAL
IS
ALB
ESP
UKR
CRO
POL
CZE
NOR
SVN SVK
LTU
GER
KAZ
DEN
WALALB
MKD
ISR
FIN
ISL
SRB
MDA
LUX
LVA
BEL
GRE
POR
FRA
NED
U ROU
MNE
ARM
MLTSCO
ENG
AZE
SMR
IRGEO
AUT
ITA
ESP
LIE
CRO
TUR
SWE
BLR
BUL
SUIF O
AND
CYP
GRE
GIB
BEL
GIB
GIB
CYP
GIB
EST
GIB
CRO
TUR
ISL
FIN
UKR
SUI
GRE
ITA
NIR
CRO
DEN
SWE
DMA
BLZ
CAN
SLV
HON
HAI
PAN
MEX
CAN
CRCCRC
CAN
J M
HAI
GUA
MEX
CAN
SLV
TRICRC
MEX
PAN
TRI
EX
HON P
CRC
MEX
CRCHON
TRI
PAN
HON T I
CRC
HO
MEX
TRI
HONPAN
TRI
MEX
CRC
QG
CHA
EN
COD
LBY
BFA
C O CMR
CIV EGY
MLI
ALG
RSA
S N
UGA
GAB
TUN
MAR
GUI
NGA
GH
TUN
CIV
CGO
GAB
BFA
ZAM
GH
ALG
SEN
COD
UGA
EGY
C R
MLI
NGA
RSA
GUI
LBY
ARU
BAN
ARU
A U
KGZ
ARU
TJK
QATSYR UAE
IRQ
TH
JPN
A
KSA
IR
UZB
IRN
SYR
QAT
THA
ARU
IRQ
THA
JPN
UAE
SYR
UZB
QAT
I N
RU
I Q
KSA
KSA
ARU
JPNIR
UZB
SYR
Q T
THA
UAE
IRQ
KSA UAE
JPN
UZB
UZB
QAT
IRN
KSA
ARU
IRQ
A
THA
JPN
ARU
SYR
PER
BRA
ECU
PAR
URU
ARG
VEN
CHICOL
COL
BRA
URU
ENARG
BOL PER
ECU
CHIARG
URU
ARCOL
EC
BRA
BOL
CHI
ER
VEN
CHI
BRA
PER
BOL
L
A G
ECU
PAR COLBOL
CHI
ARG
VEN
URU
PER
PAR
B A
ECU
HI
PER
ARG
BOL
ECU
URU
COL
VEN
PAR
BRAECU CHI
PER
B A
VEN
PAR
CO
ARG
UR
PAR
E UCOL
B L
ARG
B A
URU
VEN
R
CHIPAR
E UPE U U
BR
V N
CHI
ARG
COL
BOL
HON
ARU
−0.3
−0.2
−0.1
0.0
0.1
0.2
−1 0
clust.df$x
clu
st.
df
$y
Clusters
a
a
a
a
a
a
1
2
3
4
5
6
	 ,
B9LcP??PN?BTAWPXA?PNYWWPXOLATYX@ZP?Z9LcTXR@Ac9P
HPXYaWYCPQ?YWASPTOPXATQTNLATYXYQZ9LcTXR@Ac9P@AYLXL@@P@@WPXA
YQ?Y9P9PCP9QPLAB?P@%HPZ?YOBNPL@PAYQ?PNYWWPXOLATYX@QY?Z9LcP?
NL99BZQY99YaTXRTX@TRSA@OP?TCTXRQY?WYB?LXL9c@T@YQPLNSYQASP
AS?PPUPcZ9LcTXR@Ac9P@LAHY?9O5BZ(&
.%
FSPQ?YXA?BXXP?@0FSPN9B@AP?QPLAB?TXRAPLW@@BNSL@EZLTXLXO
9P?WLXcSL@ASPSTRSP@AN9Y@PXP@@@NY?PYCP?L99OPAP?WTXPOMcXBWP?YB@
343@Ac9PZL@@P@LNSL?LNAP?T@ATNYQASPAcZTNL9ZY@TATYXL9Z9LcYQ
ASP@PAPLW@%5YWZL?POAYQPLAB?P@YQ@LWP?Y9P@TXYASP?N9B@AP?@
OPQPXOTXR?Y9P@NPXA?L9OPQPXOP?@LXOQB99MLNUSLCPZL?ATNB9L?9cSTRS
N9Y@PXP@@L@aP99L@MPAaPPXXP@@NLZAB?TXRASPTWZY?ALXNPYQOPQPXOTXR
?Y9P@TXAST@@Ac9PYQZ9Lc%HPL9@YQYBXO9YaP?MPAaPPXXP@@T%P%9Ya
345AcZPYQZL@@P@TXLAALNUTXR?Y9P@-
&

%FST@WTRSAWPLXL
APXOPXNcXYAAYN?Y@@Y?Z9LcZL@@P@ASLANLXXYAMP?PAB?XPOL@TX
NYBXAP?LAALNUAcZPYQLNATYX@%FPLW@TXAST@N9B@AP?L9@YAPXOAYMP
NYX@T@APXATXASPaLcASPcZ9Lc%HSPXTANYWP@AYNL99BZZ9LcP?@QY?
ASP8;83?P9PL@P9T@AYB?LXL9c@T@@BRRP@A@AYWLUP@B?PAYSLCP
>BL9TAc?PZ9LNPWPXA@QY?NPXA?L9OPQPXOP?@Y?L9AP?XLATCP9c@P9PNA
WTOQTP9OP?@ASLANLXL9@YZ9LcLAASPMLNU%FPLW@TXAST@N9B@AP?WTRSA
L9@YaLXAAY9YYUZ?POYWTXLXA9cQY?LAALNUTXRZ9LcP?@ASLANLXZ9LcL@
hQL9@PXTXPi%
																																																								
FSPQB999T@AYQAPLW@TXAST@N9B@AP?T@0EZLTX9P?WLXc7XR9LXOEaTAdP?9LXO8?LXNP
5?YLATL3?RPXATXLBY9LXOLXO3B@A?L9TL%9P?WLXcZ9LcAST@@Ac9P.&YQASPT?RLWP@QY99YaPO
McEZLTXLXO7XR9LXO-&%
	 -
 
8TR%FST@Z9YA?PZ?P@PXA@ASPWPOTLXCL9BPYQN9Y@PXP@@OPAP?WTXPOMcASPLWYBXA
YQ343AcZPYQZL@@P@QY?ASPAaYNPXA?L9OPQPXOP?@XYYXASP9PQALXOXY,YX
ASP?TRSANYWZL?POLN?Y@@N9B@AP?@aSP?PASP?POL??Ya?PZ?P@PXA@CL9BP@QY?ASP@P
ZY@TATYX@TXQ?YXA?BXXP?N9B@AP?%5YWZL?LATCP9caPXYATNPSYaWBNSSTRSP?ASP
N9Y@PXP@@CL9BP@L?PQY?NPXA?L9OPQPXOP??Y9P@TXASPQ?YXA?BXXP?@N9B@AP?%

8TR%FSPP99TZ@YTO@?PZ?P@PXAASPLCP?LRPOZY@TATYX@YQML99PCPXA@QY?PLNS?Y9P
TXAPLW@Q?YWASPQ?YXA?BXXP?N9B@AP?%FSPZP?QPNA@cWWPA?cYQASPL?PLYQLNATYXYQ
XBWMP?LXOXBWMP?,@SYa@SYaPLNSSLCPP>BL9>BL9TATP@TXOT@A?TMBATYXgNYWZL?P
aTAS@LWP?Y9P@TX8TRB?P.aSP?P?PRTYX@YQLXO,L?PSTRS9cYCP?9LZZTXR%39@YTA
T@XYATNPLM9PASLAWLXcYQASPQY?aL?O?Y9P@YZP?LAPTXASPNPXA?L9NSLXXP9%FST@T@
ZL?ATNB9L?9cPCTOPXATQNYWZL?POaTASZ9YAYQLCP?LRPZY@TATYX@YQML99PCPXA@
TXCY9CTXRLAALNUTXR?Y9P@YQYASP?APLW@@PP8TRB?P,%

1 2 3 4 5 6
0
1
2
3
4
5
6
Label of the cluster
M
ed
ian
 o
f C
5
1 2 3 4 5 6
0
1
2
3
4
5
6
Label of the cluster
M
ed
ian
 o
f C
6
1
2
3
4
5
6
7
8
9
10
11
	 .
FSPNYXAPXOP?@0FSPN9B@AP?YQ4P9RTBW5Y@AL?TNLLXOEP?MTL@SYa@
PCTOPXNPYQLWTOQTP9OP?XY%Z9LcTXROPPZ9YaOT@A?TMBATYXYQML99
PCPXA@L9YXRASPCP?ATNL9LbT@LXOWYCTXRLN?Y@@ASPWTOO9PAST?OSTRS
JT%P%STRSOT@A?TMBATYXLN?Y@@ASPSY?TdYXAL9LbT@%FST@WTRSA@TRXL9
ASLAAPLW@TXAST@N9B@AP?Z9LcaTASAS?PPTXASPWTOO9PaTASYXP
@TAATXROPPZ%:TRSCL9BP@L?PL9@YQY?ASPAST?OWTOQTP9OP?LXOASP
YZZY@TAPAST?OLAALNUP?%4YASL?P9TXUBZZ9LcP?@L9ASYBRSaTAS
OTQQP?PXA@A?LAPRTP@%AXPXY%-@Z?PLO@ZL@@P@LN?Y@@ASPWTOO9PSTRS
J%FSPYASP?9TXU@BZASPZ9LcWYCTXRASPML99Q?YWWTOQTP9OAYASP
YASP?LAALNUTXRZ9LcP?@STRSMPAaPPXXP@@T%P%345AcZP@YQZL@@P@%
HSPXTANYWP@AYZ9LcP?NL99BZ@PNB?TXRL>BL9TAc?PZ9LNPWPXATXASP
Z9LcWLUP??Y9PT@UPcRTCPXASPOPZPXOPXNcYXAST@?Y9P%
39AP?XLATCP9cLCP?@LAT9PNPXA?L9OPQPXOP?T@L9@YLCTLM9PYZATYX%
:TRSMPAaPPXXP@@TXLAALNUTXR?Y9P@NLXMP@PPXL@TXOTNLATXR?P9TLXNP
YXTXOTCTOBL9TXTATLATCPL@YZZY@POAYASPWY?PNYXNP?APO@Ac9PYQASP
hQ?YXA?BXXP?@iN9B@AP?LMYCP%39ASYBRSAST@AcZPYQAL9PXAPO
TXOTCTOBL9TATP@WTRSAMPOTQQTNB9AAY?PZ9LNPASP?PNYWWPXOLATYXT@AY
@P9PNAZ9LcP?@ASLANLX@BZZY?ANYWZ9PWPXALXO9TXUBZaTASASPW%
 
8TR%,gFST@Z9YA?PZ?P@PXA@ASPZY@TATYXYQML99PCPXA@TXCY9CTXRXBWMP?LXOASPT?
OT@A?TMBATYXLN?Y@@ASPCP?ATNL9LbT@Z9YAYXASP9PQALXOASPSY?TdYXAL9LbT@Z9YA
YXASP?TRSANYWZL?POLN?Y@@N9B@AP?@aSP?PN9B@AP?(T@aSLAaPNL99ASP
NYXAPXOP?@iN9B@AP?%HPXYATNPSYaXBWMP?TXASPNYXAPXOP?@N9B@AP?Z9Lc@WY?P
LN?Y@@ASPSY?TdYXAL9LbT@ASLXASPCP?ATNL9LbT@%
1 2 3 4 5 6
0
10
20
30
40
50
Label of the cluster
M
ed
ian
 o
f X
4
1 2 3 4 5 6
0
20
40
60
80
Label of the cluster
M
ed
ian
 o
f Y
4
	 
FSPYASP?@0HST9PSTRSNPXA?L9TAcWPLX@LMBT9OBZAS?YBRSQ?P>BPXA
LXO@SY?AT%P%?PAB?XTXRZL@@P@343ASPZ?P@PXNPYQMPAaPPXXP@@
345QY?OPQPX@TCP?Y9P@4(	4,TXASP?PWLTXTXRN9B@AP?NYXALTXTXR
L99YQASPYASP?
APLW@ASLA>BL9TQTPOWPLX@ASLAAPLW@TXAST@
N9B@AP?L?RBLM9cB@PASP9YXRML99AYALUPASPML99QY?aL?OLCYTOTXRAY
RYAS?YBRSASPWTOO9PAST?OEPP8TR%-%!YaIQY?QB99MLNU@aSP?PI
WPL@B?P@ASP@Z?PLOYQZL@@P@L9YXRASPCP?ATNL9LbT@WPLX@ASLAXY%(
	)@ALcZBAQY?WTXRLQ9LAMLNUQYB?%HPL9@YQYBXO9YaIQY?
OPQPXOTXR?Y9P@YCP?L99aSTNSAYYTXOTNLAP@OPQPXOTXROPPZ%8Y?ASP
QTXL9AST?O9YaJQY?XY%-WPLX@ASLAAPLW@TXAST@N9B@AP?APXOAY
LAALNUB@TXRaTOPL?PL@L@YZZY@POAYWYCTXRaTOPZ9LcP?@TX@TOPT%P%
L9YXRASPSY?TdYXAL9LbT@YQASPZTANSY?JLbT@%:TRSJQY?XY%


WTRSAWPLXASP@PL?PAPLW@Z9LcTXRaTASL9YXP@A?TUP?WYCTXRLN?Y@@
ASPQ?YXA%5YWZL?LATCP9cSTRSMPAaPPXXP@@QY?XY%
&WPLX@LOT?PNA@Ac9P
YQLAALNUL?RBLM9cAS?YBRSN?Y@@P@%
FLNATNL9F?PXO@TXHY?9O5BZ(&
.
;XAST@@PNATYXaPQB?ASP?LXL9c@P?P@B9A@LXOTX@ZPNAASPUPc?Y9P
9PCP9QPLAB?P@N9Y@PXP@@MPAaPPXXP@@LXOZY@TATYXL9QPLAB?P@ASLA
TXQ9BPXNPASPN9B@AP?ZY@TATYX@TXYB?Z9YA%HPQTXOASLAQPLAB?P@
OPAP?WTXTXROTQQP?PXNPTXZ9LcTXR@Ac9P@L?PWLTX9cL@@YNTLAPOaTAS
OPQPX@TCPZY@TATYX@P@ZPNTL99cNPXA?L9OPQPXOP?@?Y9P@	,%FSP?P
T@XYAYXP@TXR9P?Y9PASLANLXRPAPCPXN9Y@PAYMPL@TWZY?ALXAL@
NPXA?L9OPQPXOP?@TXOPAP?WTXTXRZ9LcTXR@Ac9P@%3@LNYX@P>BPXNP
LXcASTXRLAPLWOYP@AYTWZ?YCPOPQPXOTXR?Y9P@LXOOPQPX@TCP9cAY
L9AP?ASPaLcYZZY@TATYX@iNPXA?L9OPQPXOP?@YZP?LAPT@MYBXOAYSLCP
ASPR?PLAP@ATWZLNA%
	 
&

8TR%-gHPN9PL?9cXYATNPTXAST@?PZ?P@PXALATYXYQASPZ9LcTXR@Ac9PYQASPhYASP?i
APLW@>BL9TQTPOASLAASP?PT@9YaP?OPX@TAcTXNPXA?L9NSLXXP9@LXOSTRSP?OPX@TAc
T%P%YCP?9LZYQ?PRTYX@YXaTOPL?PL@%FST@aP99?PZ?P@PXA@ASPAPXOPXNcYQAPLW@TX
AST@N9B@AP?AYNYWZ9PAPZL@@P@TXaTOP?L?PL@aST9P9PLCTXRASPNYXA?Y9YQWTOQTP9O
AYASPYZZY@TATYX%
AB?WYOP9L9@YL99Ya@9YYUTXRWY?P@ZPNTQTNL99cLAaSLAAPLW@TXPLNS
N9B@AP?NYB9OZYAPXATL99cOYAYN9Y@PASPRLZaTASASPhQ?YXA
?BXXP?@i
&%8Y?PbLWZ9PTA9YYU@9TUPAPLW@TXASPhNYXAPXOP?@i
N9B@AP?EP?MTL4P9RTBWLXO5Y@ALDTNLAPXOAYWLANSNPXA?L9OPQPXOP?@
McNYWMTXTXRZ9LcP?@aTASNYXA?L@ATXR>BL9TATP@@YAYLNSTPCPLXYCP?L99
ML9LXNPTXASPOPQPX@TCPNYWZL?AWPXAMPAaPPXMPTXRZSc@TNL9LXOMPTXR
RYYOLAOT@A?TMBATYX%;QaP9YYULAaSLA?Y9PQPLAB?P@APLW@TXAST@
N9B@AP?@SYB9OMYY@AAYhWYCPiN9Y@P?AYASPQ?YXA?BXXP?@YXASP																																																								

&6Y@YaPSLCPMPPXTX@ZT?POMc!BNLEA?BNNL(&
&6TWPX@TYX?POBNATYXQY?WYOP9ML@PO
N9B@AP?TXREALAT@ATN@LXO5YWZBATXR(&-
.%
1
2
3
4
5
6
7
8
9
10
11
	 


?TRSAYB?ASPOLAL?PRTYXQTP9OTXRNPXA?L9OPQPXOP?@aTASNYWZ9PWPXAL?c
>BL9TATP@T@ASPYXPQPLAB?PASLAO?LR@ASPN9B@AP?AYaL?O@ASP9PQALXO
LaLcQ?YWASPQ?YXA?BXXP?@%

8TR%.gHTASAST@Z9YAaPdYYWTXAYZY@TATYX@YQASPAS?PPN9B@AP?@@B?CTCTXRAYASP
QTXL9ZSL@P%AXASP9PQAT@ASPNYXAPXOP?@iN9B@AP?aTAS4P9RTBWEP?MTLLXO5Y@AL
DTNLTXTA%AXASPAYZ?TRSAT@ASPQ?YXA?BXXP?@N9B@AP?aTASEZLTX9P?WLXcLXO
7XR9LXOLWYXRYASP?@%HPL@UaSLA?Y9P9PCP9QPLAB?P@OPAP?WTXPASPOT@ALXNPYXASP
SY?TdYXAL9OTWPX@TYXMPAaPPXNYXAPXOP?@LXOQ?YXA?BXXP?@%
5YWZL?TXRYB?QTXOTXR@aTASOLALQ?YWASPHY?9O5BZ(&
ASP?P@PPW@AY
MP9P@@LQYNB@YXZY@@P@@TYXTXWTOO9PAST?O%AB?PCTOPXNPSTRS9TRSA@
ASPMBT9OBZL@ASPWY@APQQPNATCPQPLAB?POPQTXTXRL@Ac9PYQZ9Lc%
HTASYBAASPML99TANLXMPASP?PQY?PL?RBPOASLANYXAPXOP?@WTRSAaLXA
AYLOYZALSTRSZ?P@@TXRLZZ?YLNSL@LNYBXAP?WPL@B?PAYAST@PWP?RTXR
A?PXO%399AST@NYX@TOP?PONYXAPXOP?@LXOYASP?APLW@WTRSAZ?PQP?AY
NL99BZZ9LcP?@ASLAQTAL()
QY?WLATYX%FST@QY?WLATYXZ?YCTOP@L
KAZ
SMR
SRB
SUI
ITA
MKD
WAL
FIN
MKD
SRBKAZ
DEN
MLT
MLTROU
LVA
SCO
SRB
MKD
CZE
MLT
SRB
WALBLR
FRO
EST
LVA
ARM
NIR
ITA
LIE
SRB
LVA
EST
GIB
GIB
BEL
GIB CRCHON
CRCCRC
CRC
CRC
TRI
HON
CRC
PAN
CRC
GUI
LBY
ZAM
IRQ
UZB
THA
THA
QAT
CHI
CHI
PER
BOL
BOL
ARU
ARM
MKD
ITA
WAL
SRB
KAZ
MLT
SVK
DEN
NIR
SMR
MLT
ARM
KAZ
FIN
SRB
MKD
AND
FRO
SRB
ALB
WAL
BLR
KAZ
DEN
NIR
MLT
ROU
WAL
BLR
LVA
EST
ARM
AUTMLT
SRB
KAZ
MKD
SRB
LVA
SMR
LIE
FRO
AND
CYP
GRE
GIB
GIB
EST
GIB
GRE
ITA
HAI
MEX
CRC
CRC
SLV
CRC
MEX
HON
CRC
CRCHON
TRI
HON
CRC
CRC
EGY
GUI
QAT
THA
BOL
BOL
BOL
ARG
BOL
HON
ARU
CZEESP
ALB
ISR
UKR
ISL
NED
FRA
HUN
LVA
BEL
MNE
ENG
GER
NIR
ISR
NED
SWE BLR
GER
CZE
LTU
POL
ARM
ENG
SVK
DEN
GEO
CRO
UKR
ESP
HUN
FRA
POR
SUI
GEO
ESP
ITA
SWE
SUI
CYP
PORENG
SCO
NED
AZE
SVN
LTU
GER
POL
FIN
ITA
ISR
FRAPOR
HUN
GRE
KAZ
SVK
GEOALB
ISR
ESP
UKR
NED
AZE
ENG
SCO
GER
ITA
AZE
ENG
ROU
GEO
ESP
CRO
TUR
SWE
SUI
DEN
POL
SVK
SVN
CZE WAL
MKD
UKR
NED
FRA
HUN
EST
CYP
GRE
UKR
TUR
CRO
DEN CAN
MEX
CAN
MEX
H N
MEX
MEX
MAR
RSA
TUN
GHA
ALG
CMR
MAR
CGO
GHA
SE
TUN
ARU
ARU
A U
ARU
ZBJPN
A U
QAT
JPN
UZB
ARG
BOL
BRA
BOL
COL
CHI
ARG
BRA
BRA
ARG
COL
CHI
BRA
CHI
COARG
BRA
PER
POL
AZE
ENG
SVN
SCO
GER
AUT
NED
FRA HUN
BEL ESP
ALB
UKR
SWE
SUI
ROU
NORCR
HUN
SUI
ROU
SCO
ENG
AZE
GER
ISR
ITA
BLR
NED
MKD
FIN
FRO
NED
FRAGER
CZE
SVK
NOR
POL
FRA
BUL
SUI
HUN
DEN
ENG
ARMK ESPCRO
NED
AZE
NIR
ITA
TURSUI
DEN
SVK
ROU
WAL
UKR
CRO
NOR
LTU
GER
ISR
MDA
POR
NED
ITA
ESP
CRO
TUR
BUL
CYP
CRO
TUR
FIN
UKR
SUI
MEX
ARU
ARU
ARU
JPN
A U
RU
JPN
BRA
COL
CHICHI
BRA
ARG ARG
BRA
BRA
BRA
URU
BRA
SVK
LTU
MLT
NOR
OU
GEO
CRO
BUL
SWE
FRO
AND
CYP AUT
MDA
LIE
TUR
POR
GRE
ARM
AZE
SCO
SVN
POL
ISL
MDA
FRO
LVA
EST
NOR
SVK
SVN
CZE
NIR
ROU
AUTWAL
ALB
LIE
BUL
LUX
GRE CRO
TUR
AND
BUL
LUX
ARM
AZE
NIR
MNE
SWE
BLR
FRO
EST
KAZ
NOR
MNE
MDAISL
BUL
LUX
SUI
CYP
NOR
LTU
U
GRE
HUN
FRA
SVN
NIR
POL
UT
MDA
MK
ISL
TURARM
SCOMLT
MNE
AUTFRO
BUL
KAZ
LTU
NOR
MDA
ALB
IS
FINLUX
POR
GIB
FIN
ISL
NIR
CRO
SWESUI
GRECAN
BLZ
CAN
JAM SLVPAN
TRIJAM
PAN
SLV
HON
MEX
CAN
TRI
HON
PAN
TRI
MEX
PAN
TRI
H N
MEX
PAN
MEX
TRI
HON
PAN
EGY
SEN
NGA
GAB
UGA
MAR
BFA
GY
CIV
COD
MLI
CGO
RSA
GUI
MLI
EGY RSA
NGA
UGA
CMR
LBY
CIV
GAB
ALG BFA
COD
KGZ
ARU
TJK
JOR
BAN
IRN
UZB
JP
KSA
TH
UAE
IRQ
SYR
UAE
KSA
KSA
QAT
IRNUAEJ N
UAE
SYR
UZB
IRN
KSA
THA
IRQ
IRN
SYR
SYR
UAE
JPN
THA
IRQ
KSA
IRN QATSYR COL
VENPAR
ECU
PER
URU
ARGECU
PER
PAR
BRA
VE
URU
BRA
ECU
BOL
PER
COL
PARVEN
URU
C L
PAR
ARG
ECU
BOL
CHI
VEN
URU
PAR
ECU
PER
URU
COL
CHI
VEN
BOL
COL
PAR
BRA
VEN
URU
CHI
A G
CUBOL
PER
PAR
A G
VEN
URU
ECU
BOL
PER
BRA
VEN
PER
URU
COL
PAR
ECU
CHI
VENPAR
ECU
URU
HON
NIR
TUR
MDA LUX
POR
LV
EST
GEO
ISR
FIN
BLR
BUL
FRO
CYP
LTU
CZE
GEO
LIE
TUR
AUT
FRA
B L
POR
CYP
AZE
MNE
MNE
NOR
SCO
LTU
SVN
POL
MD
ISL
EST
SWE
LVA
MDA
LVA
EST GRE
HUN
SVN POR
GRE
SVK
CZE
AUT
LIE
ALB
SWE
FRO
MNE SVN
SCO
ENG POL
MD
LIE
ISL
MKD
BUL
SWE
CYP
POR
SMR
NOR
KAZ
GEO
ISR
ALB
POL
CZE
SVN SVK
DEN
WAL
ISL
LUX
GRE FRA
U ROU
MNE
ARM
SCO
AZE
NIRGEO
BLR
SUI
GIB
GIB
ISL
NIR
CRO
DEN
SWE
DMA
CAN
HONPANCAN
MEX
CAN
J M
GUA
CAN
TRI
PAN
TRI
P N
MEX
PAN
T I
HO
MEX
TRI
HON
PAN
TRI
MEX
EQG
CHA
EN
COD
LBY
BFA
CGO CMR
CIV EGY
MLI
ALG
RSA
S N
UGA
GAB
TUN
MAR
GUI
NGA
GHA
CIV
CGO
BFA
GH
A G
SEN
COD
UGA
MAR
C R
MLI
NGA
RSA
LBY
KGZ
ARU
TJK
QATSYR UAE
IRQ
TH
KSA
IRN
UZB
IRN
SYR
QAT
THA
IRQ
THA
JPN
UAE
SYR
UZB
IRN
RU
IRQ
KSA
KSA
JPN
IRN
UZB
SYR
Q T
THA
UAE
I Q
KSA UAE
JPN
UZB
QAT
IRN
KSA
IRQ
UAE
PER
PAR
URU
ARG
VEN
CHI
COL
BRA
URU
VENARG
PER
ECU
CHI
ARG
URU
PARCOL
ECU
BRA
PER
VEN
U U
PER
BOL
L
ECU
PAR
COL
CHI
VEN
PER
B A
ECU
CHI
PER
ARG
BOL
ECU
URU
COL
VEN
ECU CHI
PER
PAR
ARG
UR
PAR
E UCOL
VEN
R
CHI
PAR
ECU
PE
U UVEN
CHI
COL
−0.10
−0.05
0.00
0.05
0.10
−1 0
clust.df$x
clu
st.
df
$y
Clusters
a
a
a
2
5
6
	 
(
@A?BNAB?PAYPL@T9cLZZ9cLSTRSP%R%QYB?WPXZ?P@@%8B?ASP?WY?PAST@
T@L@c@APWASLAOYP@XYAXPNP@@L?T9c?P>BT?POPQPXOP?@AYWYCPQY?aL?O
L99YaTXRLQYNB@YX>BL9TAcTXZY@@P@@TYX%
59B@AP?5YXA?LZY@TATYX@
;XQYYAML99SYaPCP?ZL?LWPAP?@L?POcXLWTN%FSPWY?PZ?P@@B?PYXPAPLW
LZZ9TP@ASPWY?POT?PNA9cASPYZZY@TATYXaT99A?cAYLAALNU%FSPSTRSP?
ASPZ?P@@B?PASP>BTNUP?APLW@aT99TXA?YOBNPXPaWYCPWPXA@TXLX
LAAPWZAAYP@NLZPTA%;XY?OP?AYWYCPQB?ASP?Q?YW@ALATNALNATNL9
Z?TXNTZ9P@aPXYa9YYULASYa?Y9P9PCP9QPLAB?P@NSLXRPaSPXAPLW@Q?YW
YZZY@TXRN9B@AP?@Z9LcPLNSYASP?%FST@ZP?WTA@B@AYMPWY?P@ZPNTQTN
LXOOPCP9YZMP@ZYUP?PNYWWPXOLATYX@QY?Z9LcP?@P9PNATYX%59B@AP?
NYXA?LZY@TATYXLXL9c@T@T@PbA?PWP9cSP9ZQB9L@TAL9@YL99Ya@
Z?POTNATXRALNATNL9OcXLWTN@QY?RLWP@ASLAXPCP?YNNB??POTX?PL9TAc%
EP?MTLQY?PbLWZ9PT@TX9?YBZ7aTAS4?LdT95Y@ALDTNLLXO
EaTAdP?9LXO%EP?MTLLXO5Y@AL?TNLTXZL?ATNB9L?L?PMYASQ?YWASP@LWP
N9B@AP?%39ASYBRSEP?MTLXPCP?Z9LcPO5Y@AL?TNL@ZPNTQTNL99cLXO
PXNYBXAP?POYX9cYXNPTXASP>BL9TQTP?@LAPLWaTASASPNYXAPXOP?@i
NSL?LNAP?T@ATN@aPNLXAP99ML@POYXYB?OLAL@PAASLAAST@T@PbZPNAPO
AYMPLXPbA?PWP9cOTQQTNB9ARLWP%;XL99ASP(YNNL@TYX@aSPXAPLW@
Q?YWASPhNYXAPXOP?@iN9B@AP?Z9LcPOPLNSYASP?ASPcLNNPZAPOAYZ9Lc
YXLXP>BL9QYYATXRLXONYXAP@APOASPRLWPMcNYWZPATXRQY?NYXA?Y9TX
ASPWTOO9PT%P%STRSP?NPXA?L9TAcYQL99WTOQTP9O?Y9P@%FSPYASP?AaY
APLW@TXASPR?YBZL?PEaTAdP?9LXOLXO4?LdT9MYASQ?YWASPhQ?YXA
?BXXP?@iN9B@AP?%39ASYBRSEaTAdP?9LXOXPCP?Z9LcPO5Y@ALDTNLYB?
N9B@AP?NYXA?LZY@TATYXLXL9c@T@AP99@ASLATXL99ASPNL@P@aSPXL
Q?YXA?BXXP?Z9Lc@LNYXAPXOP?ASPQY?WP?@SYa@LaPLUXP@@0L9YaP?
ASLXB@BL9MPAaPPXXP@@TXNPXA?L9OPQPXNP%;AL9@YPWP?RP@TXASP@P
	 
)
YNNL@TYX@ASLAhQ?YXA?BXXP?iLAALNUTXRZ9LcP?@SLCP9YaP?ASLXB@BL9
9PCP9@YQML99OT@A?TMBATYX%;XYB?TXAP?Z?PALATYXAST@T@Z?YMLM9cOBP
AYASPZL?ATNB9L?9cOPPZLCP?LRPZY@TATYXYQYXPYQWTOQTP9O?Y9P@TX
APLW@Q?YWASPNYXAPXOP?@N9B@AP?@PPYB?LXL9c@T@aSP?PaPOT@NB@@ASP
hNYXAPXOP?@iZ9LcTXR@Ac9P%5YXAPXOP?@TXAST@R?YBZL?PASB@
Z?P@PXAPOaTASLALNATNL9A?LOPYQQ%FSPT?OPPZ9cTXRWTOQTP9OP??P@B9A@
PQQPNATCPTX@STP9OTXRASPMLNU9TXPMcNYXA?L@ATXRASP?LXRPYQLNATYX
YQQ?YXA?BXXP?@iXY%
&%:YaPCP?McZ9LcTXRaTASLQ?PP?LXRTXROPPZ
9cTXRWTOQTP9OP?MPAaPPXASP9TXP@ASPaLc"LATNYQAPXZ9Lc@QY?
EP?MTLASPc9Y@PLXPbA?LWLXBZQ?YXAAYPbP?APbA?LZ?P@@B?PLXO
PbZ9YTAASPQ?YXA?BXXP?@iaPLUXP@@9YaP?ASLXB@BL9LMT9TAcAY9TXU
BZOPQPXNPLXOWTOQTP9O%

8TR%gFSPYCP?9LZMPAaPPXASP?PRTYXYQXBWMP?LXOYQASP?PRTYXYQXBWMP?,@SYa
aSLASLZZPX@aSPXZ9LcTXRaTASNPXA?L9OPQPXOP?@aTASNYWZ9PWPXAL?c>BL9TATP@%FSPc
YQAPXSLCPAY@aTANSZY@TATYXOPZPXOTXRYXASPAL@ULASLXO%5YWZL?PAST@aTASASP
ZP?QPNA@cWWPA?cTXASPL?PL@YQNPXA?L9OPQPXOP?@TX8TRB?P?PZ?P@PXATXRLCP?LRP
ZY@TATYX@YQ?Y9P@TXAPLW@Q?YWASPQ?YXA?BXXP?@N9B@AP?%39@YXYATNPLM9PT@ASP
OPPZLXOQ9LA@ZSP?PYQLNATYXYQXY%%FSPZ9YAL9@YNLZAB?PASPA?LOPYQQMPAaPPX
PbA?L@STP9OLAASPMLNULXOOPX@TAcBZQ?YXAHST9PYCP?9LZYQL?PL@YQXBWMP?,LXO
N?PLAPOPX@TAcLAASPMLNUASPNPXA?L9L?PLBZQ?YXAT@ZL?ATNB9L?9c9TRSA%
1
2
3
4
5
6
7
8
910
11
